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Description 

METHOD FOR PROCESSING A SIGNAL 

[0001] The Invention relates to a method for processing at least one signal, 
reproducing a physical output quantity, of an industrial installation. 

[0002] In an industrial installation, for example in the paper or metal 
industry, in rolling mills, in plants for energy generation, in the automobile industry 
or in the chemical industry, signals are continuously generated during the 
industrial process and supplied to an evaluating unit. The signals provide 
infonnation atxjut the properties characterizing the installation process. These are, 
for example, the temperature of an installation component or of an operating 
means or other fluid, the rotational speed of a shaft, the length of the feed travel of 
a processing machine etc. The signals delivered by the industrial installation, 
therefore, reproduce a physical output quantity. This is composed of a value, for 
example the speed value, and a physical unit. Physical output quantity is generally 
understood to be the properties of a physical and chemical nature characterizing 
an installation process. 

[0003] In the case of installation components used throughout the worid, the 
problem is that different physical units are normally used in different countries. The 
output quantities fomning the basis of the output signals must therefore be 
represented in different units. 

[0004] There is also the problem that for monitoring or evaluating an 
installation process, for example in the case of a fault, physical quantities are 
needed which are not provided directly via the signals of the installation. Instead, 
the physical quantities needed must first be converted into a target quantity from 
the output quantity transmitted with the signal. Thus, for example, from the 
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rotational speed of a roller the frequency, that is to say the number of revolutions 
of the roller per unit time, must be calculated for the evaluation. The evaluation 
and diagnosis of industrial installation processes are frequently performed by 
means of mobile diagnostic and control systems. As a rule, these are very flexible 
with regard to the possible evaluations and need to be operated by trained 
personnel. Such a mobile diagnostic system, for example, reads out the signals of 
an installation process and creates an evaluation with the aid of a calculation 
formula. The calculation fbnnula is in some cases input manually by operating 
personnel, i.e. the operating personnel creates case-related evaluation programs 
for evaluating the installation process. 

[0005] The invention is based on the object of simplifying the determination 
of a derived target quantity from a physical output quantity. 

[0006] According to the invention, the object Is achieved by a method for 
processing at least one signal of an industrial installation which reproduces a 
physical output quantity. From the output quantity, which is composed of a value 
and of a unit, an output signal is determined or calculated which reproduces a 
derived physical target quantity which, In turn, consists of a value and of a 
con-espondlng target unit. To determine the target quantity, an automatic 
conversion of the unit of the output quantity into the target unit of the target 
quantity is provided. 

[0007] In comparison with the previously used and necessary manual 
conversion, the automatic conversion and determination of the unit of the target 
quantity eliminates an enx)r source. The en^or probability is reduced, in particular, 
with a diagnosis or evaluation of an installation process in which target quantities 
derived from the signals provided by the installation are utilized for the evaluation. 
The target quantity and the output quantity can be based on the same type of 
units, for example a measure of length. In the simplest case, therefore, the output 
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quantity is only converted into another unit. As an alternative, however, the 
conversion can be based on very complex calculations in which a multiplicity of 
output quantities, constants and other parameters are used for determining the 
target quantity. 

[0008] According to an appropriate development, the conversion into the 
target unit is perfomned with the aid of a table In which the conversion parameters 
necessary for converting the units in question are deposited. Since the conversion 
is performed on the basis of a universal table, that is to say a single table, which is 
utilized equally for all units, the automatic detenmination of the target unit is 
independent of the actual individual case and can be used, therefore, in a simple 
and inexpensive manner for any requirements. 

[0009] To create this universal table, it is provided that the units are brolcen 
down into basic Si units. This measure ensures simple and reliable conversion by 
way of the basic SI units to which all units can be reduced. The conversion can be 
in any direction, for example from a non-SI unit into an SI unit or, conversely, from 
a non-SI unit into another non-SI unit or into an SI unit derived from the basic SI 
units. Such an SI unit derived from the basic SI units is, for example, the Newton N 
unit which can be broken down into the basic SI unit Idlogram kg, meter m and 
second s. 

[0010] The various units are suitably arranged underneath one another in a 
column of the table and in the row for the respective unit, the parameters 
necessary for the break-down into basic SI units are listed column by column. 

[0011] For the break-down into the basic SI units, the following formula is 
preferably used: 

x[E] = (y[SI]*f*b^* + crni[SI]i«'^"i 



3 



wo 2005/091094 PCT/EP2005/0S1 1 56 

where: 

X is the value of the physical quantity in the unit [E], 

y is the value of the physical quantity in the basic SI unit, 

f Is a conversion factor, 

b,e is the base and the exponent with which the conversion factor 

f is weighted, 
c is a constant (offset), 

n[SI]i^'^'^j is the product sum of the basic SI units weighted with the 

exponent e[SI] allocated in each case, where i is a running 
index. 



[0012] On the basis of this formula, any physical unit can be resolved and 
converted into the associated basic SI unit with the aid of the table, for example 
miles into meters, Celsius into Kelvin etc. Using this fonnula, all physical quantities 
can be universally converted into basic SI units. 

[0013] According to a preferred development, particularly In the case of a 
complex calculation formula for determining the target quantity, the units of the 
physical quantities included in the calculation formula are in each case converted 
into basic SI units and the target quantity is specified in the desired target unit. 
This target unit can deviate from the basic SI units and be a derived SI unit or also 
a non-SI unit. Depending on the desired form of representation, the user has the 
possibility, therefore, of specifying the target unit, and thus the desired output 
format, 

[0014] The calculation formula is input, in particular, by the operating 
personnel for diagnostic and monitoring purposes. This can be done once so that 
the formula can be used time and again for future diagnoses. As an alternative, a 
suitable calculation formula is manually input by the operating personnel in every 
individual case. Manual input of the calculation formula provides for a very flexible 
evaluation of the output quantities, on the one hand. At the same time, the 
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automatic determination of the target unit reduces an error source, namely tlie 
choice of a wrong unit. 

[0015] Furthermore, a plausibility check is suitably perfoimed by means of 
the automatically determined target unit as to whether the calculation fomiula input 
by the operating personnel can be correct. For this purpose, the physical 
quantities included in the calculation formula are resolved into their basic SI units 
so that the target unit is available in basic SI units, at least at first. In the second 
step, a check is then made as to whether this target unit determined on the basis 
of the calculation fomriula is a meaningful unit and is deposited, for example, in the 
table. If it is not deposited, an error signal is generated. As an alternative, the user 
predetenmines the desired target unit and an automatic check is made whether the 
target unit broken down into basic SI units matches the basic SI units determined 
via the calculation formula. 

[0016] To obtain as uniform a display and output format as possible, it is 
appropriately provided that the target quantity, that is to say the calculated value 
together with the target unit, is displayed in accordance with a predetermined 
standard. In this context, it is specified, for example, whether the representation is 
in the powers of ten notation or by means of suitable SI prefixes. In the case of a 
length measure, for example, it can be preset that millimeters are represented as 
"mm" or also as "10'^ m". For this purpose, a table is preferably also stored In 
which the correlation between the powers of ten and the SI prefixes and possibly 
the usual names can be found. 

[0017] The automatic conversion of the units described is preferably used 
for a mobile diagnostic and evaluating system with the aid of which the signal in 
question is read out in the active operation of an industrial process and the output 
quantity is generated with the desired target unit. 
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[0018] An exemplary embodiment of the invention will be explained In 
greater detail with reference to the single figure. The figure shows in a 
diagrammatic, greatly simplified representation a block diagram of an evaluating 
unit coupled to an installation process. 

[0019] The automatic determination of the target units is explained with 
reference to an, in particular, mobile diagnostic or evaluation system 2 which is 
temporarily connected to an industrial installation 4. However, the automatic 
determination of the target unit is not restricted to this application. 

[0020] Within the installation 4, a multiplicity of components 6 are usually 
arranged which exchange data with one another. These components 6 are, in 
particular, processing machines and measuring and monitoring devices. Between 
the components 6, signals S (A) are exchanged which reproduce physical output 
quantities A of the processes njnning on the respective component. Such a 
physical quantity is, for example, the rotational speed of a shaft, the magnitude of 
a supply current or of a supply voltage, the temperature of a workpiece, of an 
operating means or other fluid, the concentration of a substance etc. 

[0021] To improve and optimize the installation process, but also for fault 
finding and diagnosis, it is often required to perform an evaluation of the processes 
running in the installation. In the exemplary embodiment, the mobile diagnostic or 
evaluating system 2 is connected to the installation process for this purpose. To be 
precise, the evaluating system 2 picks up the signal S(A) and transfers it to an 
evaluating unit 8 of a data processing device (computer) 10. The latter is 
connected to an input device 12 and to an output device 14. 

[0022] Within a command module 16, the inputs determined via the input 
device 12 are transferred to the evaluating unit 8 as computing input for 
processing and converting the output quantity A. These inputs can be simple 
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instructions or also complex sequence programs in which a calculation fomnula for 
converting the output quantity into the target quantity, possibly by using other 
quantities, is implemented. To detemnine the target quantity Z, the evaluating unit 
8 also retrieves information from a table deposited in a data memory 18. 

[0023] Taking into consideration the calculation input from the command 
module 16 and the information deposited in the table, the evaluating unit 8 
detennines the target quantity Z and delivers an output signal S(Z) to the 
subsequent output unit 14 on which the target quantity Z[ZE] is output in the 
desired target unit [ZE]. The output unit 14 is, for example, a monitor or a printer. 

[0024] During this process, the unit of the output quantity A is automatically 
converted into a target unit [ZE] of the target quantity Z in the evaluating unit 8. For 
this purpose, the unit of the output quantity A is first broken down into its basic SI 
units, wherein the respective value of the output quantity A is weighted with a 
conversion factor and possibly with a constant c in accordance with the conversion 
of the units. 

[0025] The value of the respective physical quantity in the respective unit 
[E] is determined in acconJance with the following formula: 
X [E] = (y[SI] * f * b^ + c)*ni[SI]i^t^"i 

where y [SI] is the value in the basic SI unit, f Is a factor and b® is a weighting 
factor (b = base, e = exponent) for the factor f. The product f • b® is the conversion 
factor, c is a constant which, for example, specifies a shift or an offset for the 
conversion between two units. To fomn the unit, a product of the basic SI units is 
fonned according to ni[SI]i^'®''i for determining the correct representation of basic 
units, i is a running index for table columns, In the column head of which the basic 
units and in the rows of which the respective exponents for the basic units are 
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reproduced. The individual parameters listed in the above formula are deposited 
for all units, at least for all units of interest, in the table. 

[0026] An example of such a table is shown in the text which follows. In the 
table, different units and their break-down into basic SI units are listed row by row. 
In the first column, the type of physical quantity is specified, the second column 
specifies the fomnula symbol normally used, in the third column, the abbreviation 
of the unit is listed and in the other columns, the individual parameters for the 
break-down into the basic SI units are listed. One column is in each case provided 
for the factor f, the base b, the exponent e and the constant c. In the other 
columns, the symbol of the basic SI units and the in each case associated basic SI 
unit are listed in the column header. In the individual rows, the exponents are then 
listed with which the respective basic SI unit must be weighted in order to obtain 
the coH'ect representation of basic SI units. 
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[0028] Using this table, it is possible to break down any units into their basic 
SI units. Thus, for example, the table directly shows the break-down for the unit 
"inch": 

X [inch] = (y * 2.54*1 0 ^ + 0) * kg°*m^*s°*A°*K°*mol°*cd'' 

[0029] The desired target unit [ZE] can be easily and automatically fomned 
from any output units by breaking them down into the basic SI units with the aid of 
this universal table, be it a basic SI unit, an SI unit derived from this or a non-SI 
unit since all units can be reduced to the basic SI units in the manner shown in the 
formula, and displayed. 

[0030] The automatic conversion into the desired target unit provides for 
distinct simplification since in some cases complex conversions between different 
units must be taken into consideration. It is thus possible in a simple manner to 
specify a physical quantity in different output units, for example in accordance with 
different country standards. Furthermore, the automatic conversion provides 
considerable support for the work of the diagnostic personnel if, for example, the 
output quantities A are not represented in SI units due to the country-related 
settings. 

[0031] The automatic determination of the target unit also provides for a 
plausibility check in a particularly simple manner. Thus, the evaluating system 2 
checks whether the target unit [ZE] determined actually con-esponds to a known 
physical quantity. If this is not the case, a corresponding error message is output, 
for example on the output unit 14. This aid thus provides a simple plausibility 
check for checking calculation formulae. 

[0032] Furthermore, a standardized output of the target quantity is provided 
with this system in a simple manner. For example, the user inputs the desired 
output fonnat, whether certain units are to be used, for example for certain groups 
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of countries, or whether the representation as powers often or, as an alternative, a 
prefix for the SI unit characterizing the powers of ten is to be selected. For the 
latter, the further table following is preferably deposited in the data memory 18, in 
which in each case the power of ten, the abbreviation allocated to the power of ten 
and the sign are in each case listed as prefix for the SI unit in rows. 
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